Name of journal: World Journal of Surgical Procedures
ESPS Manuscript NO: 4857
Columns: META-ANAYSIS
Back to basics: A meta-analysis of stump management during open appendicectomy for uncomplicated acute appendicitis
Gravante G et al. Meta-analysis of appendiceal stump management
Gianpiero Gravante, Shuker Yahia, Roberto Sorge, George Mathew, Ashish Kelkar 

Gianpiero Gravante, Ashish Kelkar, Department of Colorectal Surgery, Kettering General Hospital, NN16 8UZ Kettering, United Kingdom

Shuker Yahia, George Mathew, Department of Colorectal Surgery, George Eliot Hospital, CV10 7DJ Nuneaton, United Kingdom

Roberto Sorge, Department of Human Physiology, Laboratory of Biometry,
University of Rome "Tor Vergata", 00173 Rome, Italy
Author contributions: Gravante G and Yahia S collected and analysed the data and wrote the article; Sorge R performed the statistical analysis on data, interpreted them and critically revised the article; Mathew G and Kelkar A contributed to conception and design of the article and critically revised it; All Authors gave the approval to the final draft.
Correspondence to: Dr. Gianpiero Gravante, Department of Colorectal Surgery, Kettering General Hospital, Rothwell Road 10, NN16 8UZ Kettering,
United Kindom. ggravante@hotmail.com
Telephone: +44-116-168244                Fax: +39-623-3216592
Received: July 28, 2013         Revised: September 2, 2013
Accepted: September 14, 2013

Published online: 
Abstract
AIM: To compare simple ligation vs stump invagination during open appendicectomy for uncomplicated acute appendicitis on the risk of postoperative complications. 
METHODS: A meta-analysis was conducted on randomised controlled trials comparing the two stump closure methods in open appendicectomy. Databases searched were PubMed, EMBASE and Cochrane Library databases. Included were those studies focsing on inflamed and suppurative appendicitis while perforated and gangrenous appendix was excluded. We also excluded retrospective case-control studies, commentaries, historical technical articles, or trials involving laparoscopic appendicectomies. The outcome of the meta-analysis was to find eventual differences in the incidence of postoperative ileus and wound infections between the two techniques of stump invagination. 
RESULTS: Seven studies were included corresponding to 1468 patients. Postoperative complications consisted in wound infections (7%), ileus (4%), pyrexia (2%), vomiting (1%), obstructions from adhesions (0.1%). No cases of peritonitis, fecal fistulas (stump leaks), abdominal abscesses or wound dehiscences were reported. Postoperative ileus within the first 72 hours was four times more frequent with stump invagination compared to simple ligation (OR: 4.06; 95%CI: 2.14-7.70; P < 0.0001). No significant differences were noted for wound infections (OR: 1.24; 95%CI: 0.83-1.87; P = 0.30) while for the remaining complications the incidence was extremely low in both groups. There was a high homogeneity on results (Q value for heterogeneity of postoperative ileus P = 0.17; Q value for heterogeneity of wound infections P = 0.98). 
CONCLUSION: Stump invagination does not seem to prevent infective complications but is associated with an increased risk of postoperative ileus in uncomplicated cases. Appropriate studies on complicated appendicitis should now evaluate the influence of the two techniques in this higher-risk subgroup.
© 2013 Baishideng. All rights reserved.
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Core tip: Despite the increased use of the laparoscopic approach, open appendicectomy is an operation still performed on a large scale worldwide. Two main approaches exist for the stump closure, the simple ligation and the stump invagination. Compared to the simple ligation the invagination of the stump aim to provide an extra safety measure for the prevention of postoperative complications, but the study demonstrated that in cases of non-complicated appendicitis it increases the risks of postoperative ileus and does not decrease the wound infections rate.
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INTRODUCTION
In recent years the combined advantages of better diagnosis and reduced surgical trauma have progressively favoured the laparoscopic appendicectomy (LA) over open appendicectomy (OA) for the treatment of acute appendicitis. In numerous studies and meta-analyses LA has achieved less postoperative pain, reduced hospital stay and faster return to normal daily activities compared to OA at the cost of longer operating times[1-3]. Despite these positive results OA is still frequently performed worldwide: 34% of appendicitis patients receive OA in the United Kingdom[4], 45% (university teaching hospitals) to 75% (district general hospitals) in Ireland[5], and more than 50% in Italy[6,7]. Additionally, OA is still necessary when LA requires conversion to an open approach (i.e., dense adhesions, diffuse peritonitis, difficulties in excision of the appendix due to perforation)[8], or in special circumstances such as pregnancy where the avoidance of the pneumoperitoneum and CO2 systemic absorption decrease the rate of fetal loss[9].
One of the historical controversies of the open technique involves the management of the appendiceal stump following removal of the appendix. A long stump may produce recurrences (appendiceal stumpitis)[10]. While an inadequate closure contaminates the abdominal cavity with fecal material (fecal fistula). In both cases, the postoperative outcome is endangered and re-operations with bowel resections may become necessary. Two approaches have been described over the years for the management of the appendiceal stump during OA. The first and simplest approach is the simple ligation (SL), described in 1884[11,12]. The second consists in the ligation and invagination of the stump (SI) in the cecum[11,12] by a purse-string suture or a Z-stitch[13-18]. This was introduced to secure the stump in the bowel lumen so that any perforation or leakage would directly drain inside the gut and not in the abdominal cavity. 
Both approaches have been compared in numerous trials for their ability to prevent postoperative infections, ileus and other complications but results from single studies have been contrasting. In the present article we decided to conduct a meta-analysis on those trials to evaluate the influence of SL and SI on the occurrence of postoperative complications following OA.
MATERIALS AND METHODS
The meta-analysis has been reported according to the QUORUM and MOOSE guidelines[19,20]. 
Study selection and data extraction
Included articles were (1) randomized controlled trials (RCTs) that (2) focused on the technique for stump management during OA for (3) uncomplicated acute appendicitis. We defined a randomized trial as one in which patients were assigned prospectively to SL or SI by a random allocation. We excluded those studies that (1) focused on complicated appendicitis or those that (2) involved complicated and uncomplicated cases without differentiation of the results between the two groups. Furthermore we excluded (3) retrospective case-control studies, (4) commentaries, (5) historical technical articles, and (6) trials involving LA. 
English and non-English language studies were searched and selected in the Pubmed, EMBASE and Cochrane Library databases. No time limits were used. Key words used were appendicectomy, ligation, invagination, stump, complications. Articles were searched by two Authors (Gravante G, Yahia S) and classified according to those based on uncomplicated appendicitis (inflamed or suppurative appendix), complicated appendicitis (gangrenous or perforated appendix) or both. Potentially relevant studies were identified by the title and the abstract and full papers were obtained and assessed in details. The analysis of the references list allowed also the retrieval of a further pool of articles that were collected and assessed. 
The methodological quality of studies retrieved was assessed independently according to the Jadad Score[21]. Briefly, studies were scored according to the presence of three key methodological features of randomization, blinding and accountability of all patients, including withdrawals and the score ranged from 0 to 5: those that received a score of four or five were considered as high-quality studies while those with a score equal to or less than three were of low quality. A specifically designed data form was used to collect all relevant data, including details of the experimental design, patients’ demographics, technical aspects, outcome measures and complications. The outcome of the meta-analysis was to find eventual differences in the incidence of postoperative ileus and wound infections between the two techniques of stump invagination (SL vs SI).

Statistical analysis

Data analysis was performed using the Statistical Package for the Social Sciences Windows version 15.0 (SPSS, Chicago, Illinois, United States) and the Meta-analysis with Interactive eXplanations (MIX-version 1.6) program. Descriptive statistics for qualitative variables was performed with occurrences and relative frequencies, those for continuous variables with the mean and standard deviation if parametric or median and range if non-parametric. Clinical outcomes and complications of patients in the SL and SI groups were evaluated with common tests used in meta-analyses: Chi-Square test or Fisher’s exact test for categorical variables. The weighted odds ratio (OR) for the occurrence of complications between SL and SI was also calculated. The model used for the meta-analysis was the fixed-effect and the weighting method was the Mantel Haenszel. Hetereogeneity was assessed with the funnel plots and the Bartlett's test. Results were considered significant if the probability of chance of occurrence was less than five percent (P < 0.05).

RESULTS
At the end of the selection process only seven articles met the inclusion criteria[12,13,22-26] (Figure 1, Table 1) with 1468 patients presented, 773 in the SI and 695 in the SL group. One study only reported operating times, which were longer for the SI (45.3 ± 36.1 min) compared to the SL group (30.6 ± 33.4) [22]. Postoperative complications consisted in wound infections (n = 103; 7%)[12,13,22-26], ileus (n = 56; 4%)[13,22-26], pyrexia (n = 39; 2%)[22,24], vomiting (n = 14; 1%)[22,26], obstructions from adhesions (n = 1; 0.1%)[12,13,22]. No cases of peritonitis[13,22-24,26], fecal fistulas (stump leaks)[24-26], abdominal abscesses[12,13,22-26] or wound dehiscences[25] were reported.
Six studies reported data on postoperative ileus[13, 22-26]. In all cases this resolved within 72 h from the operation. The incidence was 0%-7.5% in the SL group and 2.0%-27.5% in the SI group (Table 1). The analysis of pooled data showed that SL increased the risk of postoperative ileus of four times compared to SI (OR: 4.06; 95% CI: 2.14-7.70; P < 0.0001) (Figure 2A). Seven studies reported data on wound infections[12,13,22-26]. The incidence was 2.3%-18.2% in the SL group and 4.0%-22.5% in the SI group (Table 1). The analysis of pooled data showed no significant differences in the risk of wound infections between SL and SI (OR: 1.24, 95%CI: 0.83-1.87; P = 0.30) (Figure 2B). The results of both complications were homogeneous as outlined by the funnel plots that were highly symmetrical (Q value for heterogeneity of postoperative ileus P = 0.17; Q value for heterogeneity of wound infections P = 0.98 (Figure 3)
DISCUSSION
Since the introduction of appendicectomy the treatment of the appendiceal stump has been a crucial step to determine the outcome of the operation. The proper management of the stump is important to prevent serious postoperative complications such as fecal contamination and peritonitis. After the initial introduction, the SL approach was considered not sure enough by some. Authors for an adequate closure of the stump, therefore, the invagination method was performed to avoid leaving open mucosa free in the peritoneal cavity and to favour the serosa-to-serosa contact that was believed necessary for a proper healing. SI became fashionable at the end of the last century since it was thought to prevent adhesions (by seroserosal healing) and stump blowout (especially when the base did not seem healthy enough to support the SL approach), or at last contain it, as the leak would drain into the cecum. Theoretical advantages of SI over SL included better control of stump hemorrhages, double secure closure of the cecal wall, reduced chances of peritoneal contamination from an infected stump and reduced risk of postoperative adhesions by minimizing the extent of raw surfaces[18]. However, a word of caution went out as the purse string technique was accused of increasing the risk of ischemia around the SI closure. Therefore, SL was indicated only in those patients where a severe inflammation and induration of the cecum could have rendered the SI approach too dangerous[27]. At the same time the SI approach can produce peculiar complications such as intramural abscesses and erosion of the cecal wall[28,29], or fecal fistulas from reduced blood supply to the cecal wall and local ischemia[30]. Furthermore, in the long-term it can simulate a cecal polyp on radiological imaging and potentially lead to unnecessary invasive tests in the screening of bowel cancers[27,31,32].

In order to select only articles with homogeneous and comparable group of patients, we included in our meta-analysis only uncomplicated cases of appendicitis. The incidence of postoperative ileus in perforated appendicitis is between 28%-50%[33], higher than in uncomplicated appendicitis[34], because local inflammation and infection are major contributors. Therefore, the analysis of patients with complicated appendicitis could have biased the results achieved because the risk of ileus could have been higher in the complicated group vs the uncomplicated one. Results of the meta-analysis show that the addition of the invagination to the classic direct closure is associated with an increased risk of postoperative ileus by four times in patients with no other risk factors. Numerous hypotheses could explain the ileus pathogenesis following SI but none of them was adequately investigated experimentally. In the only study that reported the data SI took longer, a possible cause of postoperative ileus. Additionally, the greater manipulation necessary for the invagination, or the cecum extraction through the incision to make the SI possible, could also be responsible for a serosal damage potentially combined with local ischemia. A larger incision might be necessary to perform the SI, another potential cause of postoperative ileus. Finally, the anatomical trauma on the bowel peristaltic waves deformed by the seromuscular purse-string suture or the Z-stitch, or the longer manipulation of the intestine to perform this additional step could also contribute to it.
The SI did not seem to produce specific advantages over SL regarding the other postoperative complications. Wound infection rates were similar among groups and no further comparative analysis was possible for the remaining complications due to the paucity of studies available that reported on them and the extremely low incidences (i.e., peritonitis or fecal fistulas). Especially for these rare but important complications larger studies could be necessary to draw any definitive conclusions on the effects of SL or SI on its occurrence. Furthermore, appropriate studies involving only complicated cases (perforated or gangrenous appendix) should now evaluate the influence of the two techniques on postoperative complications in this higher-risk subgroup.

In the LA era results of our meta-analysis might seem less relevant, especially because cannot be applied to laparoscopic procedures in which the stump is usually fixed with endoscopic devices (i.e., Endoloops, staples). However OA remains a milestone procedure during surgical training and is still performed frequently, in some hospitals by the majority of surgeons in at least 50% of cases[6,7]. For these reasons we focused our analysis on OAs and selected only those studies relevant for this purpose. However, one important limitation has to be acknowledged by the readers. All studies had a low Jadad score (less than 3) because of the inability to determine which methods of randomization were used in the original studies and the lack of double blinding of participants (the surgeons were always aware of the stump technique used)[21]. More specifically, the Jadad scores were 0 (n = 1), 1 (n = 5), and 2 (n = 1). Despite the low quality of each RCT perse, studies were highly selected in order to present homogeneous and comparable groups of patients as showed by the funnel plots of the two complications. Therefore results of our meta-analysis should now form the theoretical background for future randomized studies in order to confirm the relationship found between the technique of stump closure and postoperative complications.
COMMENTS
Background
In numerous studies and meta-analyses laparoscopic appendicectomy (LA) has achieved less postoperative pain, reduced hospital stay and faster return to normal daily activities compared to OA at the cost of longer operating times. Additionally, over open appendicectomy (OA) is still necessary when LA requires conversion to an open approach.

Research frontiers

The SI approach can produce peculiar complications such as intramural abscesses and erosion of the cecal wall, or fecal fistulas from reduced blood supply to the cecal wall and local ischemia. Furthermore, in the long-term it can simulate a cecal polyp on radiological imaging and potentially lead to unnecessary invasive tests in the screening of bowel cancers.

Innovations and breakthroughs

SI does not seem to prevent postoperative infective complications and is associated with an increased risk of ileus within the first 72 h in OAs for non-complicated appendicitis. Appropriate studies involving only complicated cases should now evaluate the influence of the two techniques in this higher-risk subgroup and possibly find a more specific indication for the SI technique.
Applications

The meta-analysis should now form the theoretical background for future randomized studies in order to confirm the relationship found between the technique of stump closure and postoperative complications.
Peer review

The  authors  describe a safer technique stump ligation compared to stump imvagination. This is a well written paper with correct analysis.

REFERENCES
1 Liu Z, Zhang P, Ma Y, Chen H, Zhou Y, Zhang M, Chu Z, Qin H. Laparoscopy or not: a meta-analysis of the surgical effects of laparoscopic versus open appendicectomy. Surg Laparosc Endosc Percutan Tech 2010; 20: 362-370 [PMID: 21150411 DOI: 10.1097/SLE.0b013e3182006f40]

2 Sauerland S, Jaschinski T, Neugebauer EA. Laparoscopic versus open surgery for suspected appendicitis. Cochrane Database Syst Rev 2010; (10): CD001546 [PMID: 20927725]

3 Markar SR, Blackburn S, Cobb R, Karthikesalingam A, Evans J, Kinross J, Faiz O. Laparoscopic versus open appendectomy for complicated and uncomplicated appendicitis in children. J Gastrointest Surg 2012; 16: 1993-2004 [PMID: 22810297 DOI: 10.1007/s11605-012-1962-y]

4 National Surgical Research Collaborative. Multicentre observational study of performance variation in provision and outcome of emergency appendicectomy. Br J Surg 2013; 100: 1240-1252 [PMID: 23842836 DOI: 10.1002/bjs.9201]

5 McCartan DP, Fleming FJ, Hill AD. Patient and surgeon factors are associated with the use of laparoscopy in appendicitis. Colorectal Dis 2012; 14: 243-249 [PMID: 21689291 DOI: 10.1111/j.1463-1318.2011.02597.x]

6 Saia M, Buja A, Baldovin T, Callegaro G, Sandonà P, Mantoan D, Baldo V. Trend, variability, and outcome of open vs. laparoscopic appendectomy based on a large administrative database. Surg Endosc 2012; 26: 2353-2359 [PMID: 22350240 DOI: 10.1007/s00464-012-2188-5]

7 Vettoretto N, Gobbi S, Belli F, Corradi A, Mannino L, Ricciardelli L, Vinciguerra M, Piccolo D. Diffusion of laparoscopic appendectomies in Italy: a national audit. Minim Invasive Ther Allied Technol 2012; 21: 101-107 [PMID: 21417831 DOI: 10.3109/13645706.2011.557079]

8 Abe T, Nagaie T, Miyazaki M, Ochi M, Fukuya T, Kajiyama K. Risk factors of converting to laparotomy in laparoscopic appendectomy for acute appendicitis. Clin Exp Gastroenterol 2013; 6: 109-114 [PMID: 23869174 DOI: 10.2147/CEG.S41571]

9 Wilasrusmee C, Sukrat B, McEvoy M, Attia J, Thakkinstian A. Systematic review and meta-analysis of safety of laparoscopic versus open appendicectomy for suspected appendicitis in pregnancy. Br J Surg 2012; 99: 1470-1478 [PMID: 23001791 DOI: 10.1002/bjs.8889]

10 Subramanian A, Liang MK. A 60-year literature review of stump appendicitis: the need for a critical view. Am J Surg 2012; 203: 503-507 [PMID: 22153086]

11 Kingsley DP. Some observations on appendicectomy with particular reference to technique. Br J Surg 1969; 56: 491-496 [PMID: 4893875 DOI: 10.1002/bjs.1800560705]

12 Watters DA, Walker MA, Abernethy BC. The appendix stump: should it be invaginated? Ann R Coll Surg Engl 1984; 66: 92-93 [PMID: 6703637]

13 Chaudhary IA, Samiullah, Mallhi AA, Afridi Z, Bano A. Is it necessary to invaginate the stump after appendicectomy? Pak J Med Sci 2005; 21: 35-8 14 Engström L, Fenyö G. Appendicectomy: assessment of stump invagination versus simple ligation: a prospective, randomized trial. Br J Surg 1985; 72: 971-972 [PMID: 3910160 DOI: 10.1002/bjs.1800721212]

15 Khan S. Assessment of stump invagination versus simple ligation in open appendicectomy. J Inst of Med 2010; 32: 7-10 [DOI: org/10.3126/joim.v32i1.3994]
16 Lavonius MI, Liesjärvi S, Niskanen RO, Ristkari SK, Korkala O, Mokka RE. Simple ligation vs stump inversion in appendicectomy. Ann Chir Gynaecol 1996; 85: 222-224 [PMID: 8950444]

17 Neves LJVA, Wainstein AJA, Mathias WC, Costa FPD, Costro JH, Sawassi-Rocha PR. Simple ligation or ligation and purse string invagination for the treatment of the appendiceal stump: a prospective, randomized trial. ABCD Arq Bras Cir Dig 2011; 24: 15-19.

18 Sinha AP. Appendicectomy: an assessment of the advisability of stump invagination. Br J Surg 1977; 64: 499-500 [PMID: 922311 DOI: 10.1002/bjs.1800640714]

19 Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improving the quality of reports of meta-analyses of randomised controlled trials: the QUOROM statement. Quality of Reporting of Meta-analyses. Lancet 1999; 354: 1896-1900 [PMID: 10584742 DOI: 10.1016/S0140-6736(99)04149-5]

20 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA 2000; 283: 2008-2012 [PMID: 10789670 DOI: 10.1001/jama.283.15.2008]

21 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, McQuay HJ. Assessing the quality of reports of randomized clinical trials: is blinding necessary? Control Clin Trials 1996; 17: 1-12 [PMID: 8721797 DOI: 10.1016/0197-2456(95)00134-4]

22 Chalya PL, Mchambe M. Is Invagination of Appendicular Stump in Appendicectomy Necessary? A Prospective Randomized Clinical Study. East Cent Afr J Surg 2012; 17: 85-88
23 Jamal A, Tariq M, Khan MA, Ayyaz M. Comparison of two surgical techniques; simple ligation and ligation with invagination of appendicular stump in appendicectomy for acute appendicitis. Pak J Med and Health Sci 2012: http: //pjmhsonline.com/Comparison of two Surgical Techniques; Simple Ligation and Ligation.htm
24 Khan N, Bangash A, Mushtaq M, Din Sadiq MU, Muhammad I. Simple ligation versus ligation and burial of stump in appendicectomy in patients with clinical diagnosis of acute appendicitis. JPMI 2009; 23: 74-80
25 Amirian GR, Hydari MB, Rezaei M. Comparison of simple legation of the appendix with purse string diving appendectomy complication. Behbood 2011; 15: 107-111
26 Minhas Q, Siddique K, Mirza S, Malik AZ. Post-Operative Complications of Stump Ligation Alone Versus Stump Ligation with Invagination in Appendicectomy. Int J of Surg 2010; 22: http: //www.ispub.com/journal/the-internet-journal-of-surgery/volume-22-number-2/post-operative-complications-of-stump-ligation-alone-versus-stump-ligation-with-invagination-in-appendicectomy.html.

27 Maier WP, Rosemond GP. A late complication of inversion of the appendiceal stump. Am J Surg 1969; 118: 467-468 [PMID: 4897742]

28 Cleland G. Caecocolic intussusception following appendicectomy. Br J Surg 1953; 41: 108-109 [PMID: 13082025 DOI: 1016/0002-9610(69)90157-3]

29 Willis M. X. The Treatment of the Appendix Stump after Appendectomy. Ann Surg 1908; 48: 74-79 [PMID: 17862201 DOI: 10.1097/00000658-190807000-00011]

30 Baldwin JF. The Prevention of Faecal Fistula after Appendectomy: Simple Ligation vs Precarious Purse-String. Ann Surg 1932; 95: 704-714 [PMID: 17866768 DOI: 10.1097/00000658-193205000-00008]
31 Koff JM, Choi JR, Hwang I. Inverted appendiceal orifice masquerading as a cecal polyp on virtual colonoscopy. Gastrointest Endosc 2005; 62: 308; discussion 308 [PMID: 16047004 DOI: 10.1016/S0016-5107(05)00553-5]

32 Gollub MJ. Inverted appendiceal orifice masquerading as a cecal polyp on virtual colonoscopy. Gastrointest Endosc 2006; 63: 358 [PMID: 16427964 DOI: 10.1016/j.gie.2005.08.028]

33 Piskun G, Kozik D, Rajpal S, Shaftan G, Fogler R. Comparison of laparoscopic, open, and converted appendectomy for perforated appendicitis. Surg Endosc 2001; 15: 660-662 [PMID: 11591963 DOI: 10.1007/s004640020072]

34 Margenthaler JA, Longo WE, Virgo KS, Johnson FE, Oprian CA, Henderson WG, Daley J, Khuri SF. Risk factors for adverse outcomes after the surgical treatment of appendicitis in adults. Ann Surg 2003; 238: 59-66 [PMID: 12832966 DOI: 10.1097/01.SLA.0000074961.50020.f8]

P-Reviewers  Piccinni G,  Sanefuji K,  Piccinni G, Picchio M S-Editor Qi Y
L-Editor   E-Editor

Figure 1 Flow-chart of the study selection process.
Figure 2 Forest plot graph showing results on the analysis of postoperative among simple ligation and stump invagination. A: Ileus; B: Wound infections.
Figure 3 Funnel plot graph showing heterogeneity analysis on postoperative among simple ligation and stump invagination. A: Ileus; B: Wound infections.
Table 1 Characteristics of studies examined n (%)
	Ref.
	Year
	Stump closure
	n patients
	Age (yr)
	Sex (male)
	Jadad score[21]
	Postoperative ileus
	Wound infections
	Postoperative pyrexia
	Postoperative vomiting

	Watter et al[12]
	1984
	SL
	44
	18 (5-43)
	21 (48)
	1
	-
	8 (18.2)
	-
	-

	
	
	SI
	59
	22 (6-46)
	29 (49)
	
	-
	11 (18.6)
	-
	-

	Chaudhary et al[13]
	2005
	SL
	382
	-
	213 (56)
	1
	6 (1.6)
	21 (5.5)
	-
	-

	
	
	SI
	295
	-
	157 (53)
	
	15 (5.1)
	19 (6.4)
	-
	-

	Jamal et al[23]
	2007
	SL
	40
	23 ± 9
	-
	1
	3 (7.5)
	6 (15.0)
	-
	-

	
	
	SI
	40
	21 ± 6
	-
	
	11 (27.5)
	9 (22.5)
	-
	-

	Khan N et al[24]
	2009
	SL
	50
	24 ± 8
	35 (70)
	1
	0
	2 (4.0)
	10 (20.0)
	-

	
	
	SI
	50
	24 ± 9
	32 (64)
	
	1 (2.0)
	3 (6.0)
	15 (30.0)
	-

	Amirian et al[25]
	2010
	SL
	184
	27 ± 14
	129 (70)
	1
	3 (1.6)
	8 (4.2)
	-
	-

	
	
	SI
	177
	26 ± 13
	124 (70)
	
	8 (4.6)
	7 (4.0)
	-
	-

	Minhas et al[26]
	2010
	SL
	30
	25 ± 2
	17 (57)
	0
	0
	2 (6.7)
	-
	3 (10.0)

	
	
	SI
	30
	25 ± 3
	16 (53)
	
	3 (10)
	4 (13.3)
	-
	8 (26.7)

	Chalya et al [22]
	2012
	SL
	43
	24 ± 12
	20 (47)
	2
	1 (2.3)
	1 (2.3)
	2 (4.7)
	1 (2.3)

	
	
	SI
	44
	26 ± 15
	21 (48)
	
	5 (11.4)
	2 (4.5)
	3 (6.8)
	2 (4.5)


SL: Simple ligation; SI: Stump invagination.
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